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(54) Carbon dioxide ga8 lasers 

(57) A carbon dioxide laser comprises 
an oivekipe 1 corrtaining an electrode 
structure 2« 3, and reflecting arxJ 
partiaily reflecting minrofs 10, 11. A 
lb) (fV) axMe^pported palladium or 



platinum catalyst contained In porous • 
structures 22 of alumina or silica is 
mounted inside the envelope to 
provide a room temperature catalytic 
oxidation of CO during and following 
discharge of the laser in a pulsed or 
continuous wave mode of operation. 
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The drawtflngs origlnaily likid 
woTB wSxffwxSk and eiopflnt 
hflTB repioducod Is tuKen hom a 
latAT fiiadfpmial coBy:. 
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' SPECIFICATION 

Ceibon dioiddo gas tosaTs 

This invention relates to Cdfi»Qn dioxide (CO,) 
gas lasdTs in which laser emission is InHlated by 
5 electricat discharge within an envelope containtng 
the gas. 

A typical CO^ Isser oonipiises an envQic^ or 
tube oohttfliAig e 9^ fnixture e.^ of CO^ N^t snd 
He. eJectrodes for pmukUng ^ etectrical di^harge 
10 within the gas, a reflecting and a partially 

i bf i e ct in g m i nor spa ced apart and often pereHel to 
one another at (H>positB ends of tfie mvelope. 

iseerscen be divided Into two groups, 
oontiniioue wave (CW) and pulsed Issm; itw 
1$ former emits radiatton continuously (when 
SiwrffedwHh power) whitet the latter emits 
radiation in short burets. Both groups may use a 
fbmng gas system or a sealed envtiope system. 

The electrical dtediarga in tfie gas causes a 
20 iSssodedcnc^CQjmlo CO and Oj. in the flowing 
gas system the reaction qas prodhiicte are swept 
out of the envetope but in the sealed system these 
products remain within the envelope and, unless 
rscomlrined Into CO,, re^lt m loss of output, for 
25 exarhple by causing arcing between the electrodes 
with pos^le consequential failure of the laser. 

In general the difficulties caused by CO, 
tSssociatkm Increases in saveiity as the preasute 
of the active gas is raised. Thus CW iaseni which 
30 operate at e,g, 20 Torr, do not have the pmbiem^ 
the same extent as pulsed lasers operating at 
atmospheric pressure. At higher gas pressures 
transverse (of the laser axis) excitation of the 
dfedwgt^ ts ^ wiiialgy tised^ tteaa are tenned TE . 
35 tosefSLLaseisopeiating at atmospheric ^8 pressure 
with tiiafw uerse flxdlalion are tarmed TEA (tranmrse 
excftaSon atmdspHeiiG presme lasers. Witii 

these higher pressure gas lasers the presence of 
the cSssodatiDn products CO ar»d 0^ t^ids to 

40 cause the unifonrn electrical discharge to degrade 
into fecsS^ed'arcs whh oonseQuential dramatic 
loss of pert onmanoe* 

One form of TEA laser uses a ^^gger wire to 
produce subsidiery discharges to the anode 

4$ causing ultra violet Inadladoh of the cathod& This 
produces the diffu^ photo emission of electrons 
necessary for the creation of a uniform discharge 
and helps counter the arcing prablem. Such a laser 
is described in IEEE Journal of Quantum 

SO Qectronk», VoL QE11,Mo> 9, September 1d7S, 
pages 774-778. 

Anotim T€A fs^er is desori^ in J. Physw E Scl 
Instruments. Vol. 11,1 978, pages 31 1-31 5. It 
uses two arrays of sliding ams to provide ultra 

SS violet radiation which pre^ionlses tiie gas between 
the princ^pFal electrodes of the la^r before h^ 
' volts are applied to these, thus encoureging the 
f cH Aywtkw of a tmifbrm tSschage. Addlta>naUy a 
heated piatiiHim wire is used to catalyse tfte 

60 recombinatlonof CO and 0^ Use of a wire in a 
COj| TEA laser ts described tn X Phys. E. ScL 
Instrum., Vol. 1 1J 978, pages 31 6-31 9. A 
dsadvanlage of stoii a healed wire b Its powM' 
consumption, typically about 8 watt which adds 



to the required battery weight in portable 
equqiment md may result k\ thenmat distortion of 
the laser envelope. 

According to this Invention a carbon dioxide 
gas laser comprises an envelope containing a gas 
including certx>n dioxide, a structure for inducing 
an electric discharge within the enveippe. a 
reflecting end a partiaiiy refiecdng minor ^oed 
apart and a cataiyet material for recombinbg 
cartton monoxide and oxygen Into catton dioxide, 
the catalyst t)eing either tin (IV) oxide-supported 
palla<^m or tin (IV} oxide-supported ptetlmim. 

The structure lor inducing an electric discharge 
may te^dced^electadee* or radio freiiuency 
induction. 

The catalyst-may be incorporated into porous 
stmctures such as acttvated alumma, siflca eta, 
and be formed into strips or sheets. The amount of 
Pd or Pt within or on the SnO, may vary, a typical 
value is around 2% by weight The cats^ 
op«3ldS4inheat0d at ambient tBn^rBtures even 
In very cold dirnates; iwt It may inchide a sntall 
power consumption heater for initial use until the . 
laser envelope reaches its operating temperature. 

The laser n^y be a CW or apulsed \es&r with a 
sealed envelope or an unsealed envelope* The 
laser may include a device such as a fan to 
circulate the laser gas. 

The use of t£n <l V) oxkte^uKi o rtsd palladium 
has previously been suggested for use in 
eutoHK^'le ejduH^ systems. G. Croft end M. J. 
Fuller; Nature. Vol 269. 1 3 October 1 977, page 
58S/6. However automobile exhaust systems 
operate at elevated temperatures and It has 
prevkHtahf been considered fwcessary to use such 
high temperatures for catalytic oxidation of CO by 

and In addition catalytic exhaust systems 
opmtte witii con^deretHe excess air ratim than 
stoichiometric amounts of CO and O^- 

The inventton will now be descrSied. by way of 
example only, with reference to the accompanying 
drawings of which.- 

Figure 1 . 2 are plan and aide sectional views ol 
a trarssverseiy ^eerfled etrr^o^riteric pressure GO, 
laser; 

Figure 3 IS a circuit diagram for the laser of 
Figure 1. 

As shown in the drawings a laser comprises an 
envelope. 1 made ofglase end expansion matc^d 
Ni-Fe-Co alloy. The envelope 1 te filled with gas at 
760 Torn pressure anda composition by volume 
of 40% CO,. 20% Nj. 40% He. Two Rogowski- 
pft>§(edrnckaie{sctiodes 2.3 are apacsd ^sart by 
akimlna specere 4 parallel to tiie laser ods 5. 
These electrodes 2J3 are supported by alumina 
blocks 6.7 which also carry electrical connections 
6. 9 to the exterior of the envalope 1 . At one ond of 
the envelope 1 1s a gokl plated fully reflecting 
mkror 1 0 mrangsd normal to tixo laser axis 5 
whUst ettiie other end cf the envelope 1 isa 
multilayer-dleleictrjc-coated gemianhim 85% 
reflection mkror 1 1 abo onenged rKmnal to the 
laser axis 5. At both skies of the envelope are rows 
of tee shi^ed tungsten rods 12« 13 which pass 
into the eiwetope 1 in a gas tight manner. The 
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pointed innsr ends of tfie rods ate spaced apart 
8jg. fey 2inmsc gaps. Eadsfim of rods 12,13 ss 
connected to earth via c^mcHotb 14,1 5 a.g. 4 pF 
ceqE2adtDfs« and the rows connected in parailal as 
5 siwwnmfigwBS.Theeneigyfor^ercsfe 
provided by two 900pF 1 6, 1 7 capacitors charged 
to 3fiiA^ by an HTdrcint 1 8 and connected via a 
triggered spaik gap SGl.Theenwgyforitie 
e {ec;rod8i s 3,4{aprgvfafadfaya lOnFcapsdior 19 

10 aisochargedto3(»cVbyaKrclreuit20 and 
connectad via aspaiic gap 5G2. A delay 21^ e.g. 
2jfis,aitDmaa9sentiai firing of SGI and SG2. 

Str^ 22 of porous akimina incorporating 1 .8% 
Pd-Sri0t (or 1 J% Pt^SnO,} m moimted 

15 the envelope. AHematively catalyst coated strips 

SnOj) catalyst may be pTE^mred by standard 
procassas a^g. by Impregnating SnO^ gal with 
H/da4 solution OF cation-exchanging whh 

20 Pd(NHj4iOH)2,crbycoimclpittdngPd(OH}2and 
hydrated SnO, from chloride solution with K0f4 
followed by washing, drying, and re-washing. This 
results in SnO^ particles supporting Pd in and/br 
on the surface. Such processes liave been 

25 developed by the Tin Research Institute and 
described by G. C. Bond, L R. MoUoy and M. J. 
Fuller, J. Chsm. Soc. {Cham. Communication^ 
pages 79^, 1 975. These processi^ result In a 
tin (IV) oodde-supportad palladium which Is a more 

30 effective catalyst for ^oxidatson of CO than 
ri t harSnO a or Pd Is ksdh/kimitf, pfir^iarly at low 
temperatuiea. SImilariy, the Pt-^nO^ catalyst may 
be prapaned by 5ter)dafd piooeesea e.g. by ion- 
exchanging a ptat^m chloride-ammonia complex 

35 {HJrtO^'i't^^ with SnO^geJ^jllowed by 

reduction. This results in Si^j partkHes supportmg 
PtlnBnd/ornBBrlhB suitace. Such processes have 
been developed by the Tin Research Institute. 
These proceesesfeauk in a tin (iV) oidde- 

40 supported piatmumwhiGt) is a more efliective 
cataty^feriheoxktetion of CO than either SnO^ or 
Pt is individually, partlcularty at low temperature. 

The cotaiyot may ba lncor|K>ratssi into porous 
structures by standard processes as described for 

45 exam^toaLiVlQS3,£Kp8rim8n{alMsdiod9ln 
Catalytic Reaeaith, Vol 2. pages 43—94. 
Academic Press inc. 1 976. 

In operation tiie sparic gap SG 1 is cfo^ which 
results in s s^les of srcs bskiQ formed kt 

60 sequencealong thetworowsof rods 12, IS.This 
' provide pre^onlsmgultra^'vioiet radiation Into tira 
gas between the main electrodes 3, 4. After about 
2^ (depending on the gas composition) the sparic 
gap S62 is dosed resulting In die main eiectrical 

55 disdiarge and a consequential burst of laser 
radiation tiirough the minor 1 1 . As a resuh some 



CO, cfissociates into CO and 0^^ The catalyst 
assists m the recondmiation of CO and into 
COy The amount of catalyst needed depends on 

00 the laser piii&& repetition frequency (PRF) (end 
hence gerora^ of O;^ the acceptable 
degradation in laser performance (incrsasing O^ 
concentration reduces performance), die 
temperature of the catalyst and Its avaiiaUlity to 

33 ti% CO and O,. for a given puise repetition 
frequency and permitted 0^ concentration the 
amount of catalyst must be Increased umil 
reoomlrination matches cfiseociation* The rate of 
re-combination varies with tempmture* It has 

70 been found for example, that 0, and CO are 
removed by SnO/d from an inftiai mixture of 
34515 COy 2O96f440%t1e, 4« CO end 2% O^, at 
a rate of atiout 0.005 onVa^g per unit mass of 
caiafv^ at --30<*C and 0.3 cm Wg at 40^C with a 
' 75 logarithmic relation at immediate temperatures. In 
similar conditions, it has been ^sund that O^ and 
CO are removed by SnOjPt at a rata of about 0.06 
cmVs/g at 1 7*'C. This shows that the catalysts 
can opo^e at ambient temperatures even in very 

80 cold climates. 

Use of SnOj— Pd or SnO,— Ft as catalysts is not 
limited to TEA lasere since they can be used with 
other CO, gas lasers to increase useful iifa timss. 
For example they can be used with low pressure 

85 20 Tonr. CW lasers and CW waveguide iasere (gas 
pressure atKHit 1 00 Torr.). 

Qjms 

1 . A caft>on dto»de leeer comprising en 
envelope containing a gas including cariwn 
90 u toiOde , a structure iar hHiucIng an ekctric 

discharge within the envelope a reflecting mirror 
and B partially relucting minor characterised by a 
catalyst material of tin (IV) oxide-supported 
palladium or tin {IV) oxide-supported platinum* 
85 2. A laser according to claim 1 wherein the 
catalyst is Ihoofpocatad into a poious structure of 
alumina or silicon. 

3. A fassr according to claim 1 wherefei the 
catalyst is coated onto rods or str^s. 
100 4.Ala^racxordii^toclaan 1 wherainti^e 
envelope is a closed envelope. 

6. A laser according to claim 1 wf:erein the 
stmcture for inducing an electric discharge 
secludes eie<^rodes ^causing a tjsnsverse 
105 excitation of thefts. 

6. A iaser according to claim 6 wherein 
electrode structures having arc gaps are provided 
for causing pra-tonisation of the gas. 

7. A laser ccmstructed, arranged and adapted to 
110 operate substantially as hereinbefore descrS>ed 

with reference to the accompanying drawings. 
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